Fourier Transform Infrared and Raman are powerful techniques to evaluate silica and hybrid silica structure. It is possible to evaluate the silica network formation along the hydrolysis and condensation reactions in terms of siloxane rings formation and Si-O(-Si) angle deformation due to the introduction of organic groups, the employed synthetic route or encapsulated species interaction. The siloxane four-or six-membered rings imply in a more rigid or flexible network, respectively, in order to accommodate the organic groups. A structural analysis of the materials is of high importance, since interactions between the encapsulated molecules and the matrix are critical for the device performance, such as sensors. This type of device needs the permeation of an analyte to activate the encapsulated receptor molecules inside the silica structure. Fourier transform infrared spectrometry can be also used to determine parameters of the silica network as a function of the hydrophilicity/hydrophobicity degree and the siloxane ring structure with respect to thin film porosity. This silica structural analysis is reviewed along the text in a tentative of better exploring the data resulting from these powerful techniques. In addition, the functionalization of silica structures by the use of organoalkoxysilanes, which is important to the creation of high-specific materials, can be well described by these two complementary techniques. The Si-C bonds and the maintenance of the organic substituents such as methyl, octyl, octadecyl, vinyl, phenyl, aminopropyl, mercaptopropyl, isocyanatopropyl, iodopropyl, chloropropyl and glicydoxypropyl could be evaluated after the sol-gel synthesis process. The literature regarding silica vibrational spectroscopy is also explored creating a data bank of wave numbers for the most important bonds for different types of silica and hybrid silica materials obtained by different synthetic routes.
Introduction on silica-based materials
Silica-based materials have a wide field of applications nowadays, since it is very flexible in terms of material characteristics and fabrication methods [1] . Different types of devices such as catalysts, chromatographic phases, sorbents, sensors, coatings, etc. can be produced with tuned properties to enhance activity and/or robustness. Figure 1 . A) Rattle-type magnetic silica composite with nonporous silica-coating magnetic iron oxide encapsulated in mesoporous silica hollow sphere which can also contain active metallic nanoparticles [3] . B) Molecular imprinting process adapted with permission from Zhao et al. [9] .
For chromatographic phases and sorbents, the main maneuvers are the so-called molecular imprinting or the silica functionalization with groups that retain the analytes. Taking into consideration the second approach, it is possible to design hybrid silica monoliths functionalized with, for example, aminopropyl or cyanopropyl groups and utilize them as selective stationary phase for microextraction by packed sorbent (MEPS). This method could determine drugs, such as antipsychotics in combination with antidepressants, anticonvulsants and anxiolytics in plasma samples from schizophrenic patients through liquid chromatographytandem mass spectrometry (LC-MS/MS) in the multiple reactions monitoring (MRM) mode [8] . On the other hand, the molecular imprinting is a methodology which creates cavities for the analytes encapsulating the analyte itself or a template within the silica network that is followed by an extraction process ( Figure 1B) [9] . The resulting material is of high specificity, increasing the selectivity and performance of the sorbent/phase. This methodology has been employed to extract important compounds such as the β-N-methylamino-L-alanine amino acid from cyanobacteria which is hypothesized to be linked to amyotrophic lateral sclerosis and Parkinson dementia complex from people living in Guam island [10] and to pretreat, detect and analyze trace levels of toxic pyrethroid insecticides in soils [9] .
Different types of sensors can also be prepared taking advantages of silica materials' flexibility. Optical sensors use to employ the methodology of a receptor element encapsulation within the silica network and the structural properties and addition of organic groups can be correlated with the device performance [11] . They frequently include the encapsulation of an organic dye which can change color when in contact with the analyte [12] . The introduction of mixed oxides and organic groups can be of high importance in this field to avoid leaching of these dyes during usage [13] . It is also possible to manufacture different devices' configuration such as nanosensors for pH measurement [13] , optical fibers for volatile organic compounds' detection [14] , electrochemical [15] , electrochemiluminescence [16] and biosensors [17] . Furthermore, silica is commonly used to protect or give special features to surfaces. In terms of protection, organosilanes are well known as corrosion protectors for metallic surfaces such as steel and aluminum alloys [18] , where other metal such as cerium [19] , metallic nanoparticles such as NiFe 2 O 4 [20] and other compounds such as phosphonic acid [21] can also be added to the coating to enhance the protection. The surface characteristics are another feature that are able to be tuned by the silica coatings. In this field, it is possible to mention the superhydrophobicity that is widely explored with the possibility of self-cleaning surface creation [22, 23] and also the addition of antimicrobial properties is of high importance [24, 25] .
Thus, the chapter shall be structured according to the following subitems:
Introduction on silica-based materials.
A panorama on the different applications of such devices (catalysts, chromatographic phases, sorbents, coatings…) should be provided, illustrating recent examples from the literature (2014) (2015) . Some comments on the general aspects of their production (synthetic routes based on sol-gel routes, grafting reactions, encapsulation via nonhydrolytic sol-gel processes, molecular imprinting).
Organic groups on silica surface.
Recent examples of the use of FTIR and FT-Raman spectroscopies in the monitoring of surface reactions between silanol groups and ligands for organic and organometallic compounds. The possibility of distinguishing liquid-like and crystalline configuration for long-chain alkyl groups from the C-H stretching vibrations position.
3.
Molecules within bulk silica. The use of FTIR in monitoring the encapsulation of molecules within silica network by deconvolution of Si-O stretching region. The correlation between siloxane four-or six-membered rings and device characteristics/properties.
Silica molecular imprinting.
The use of FTIR and Raman in the monitoring of cavity interaction between templates/target molecules with functional groups from silica pores.
FTIR and Raman modes.
Discussion on the complementary information provided by sampling accessories and detection modes in the characterization/evaluation of hybrid silica materials, namely: attenuated total reflectance (ATR), DRIFTS, photoacoustic spectroscopy (PAS), infrared emission spectroscopy (IRES), micro-FTIR and Raman.
Organic groups on silica surface
The organic groups' presence and interactions are monitored in different types of materials, as the ones discussed above. In terms of corrosion protection coatings, the organosilanes are widely known that due to their efficient properties as coupling agents, representing an interesting and environmentally friendly alternative in the field of surface treatments [26] . One of the employed organosilanes is the glycidyloxypropyltrimethoxysilane (GPS) that when mixed with methyltriethoxysilane can improve coating resistance, charge transfer resistance and present low-frequency impedance parameters. FTIR was employed by Foroozan et al. [18] to investigate the reaction between glycidyl groups of GPS molecules with silanol groups. It was possible to identify bands reflecting the epoxy ring breathing around ~910 and 840 cm −1 and also a new band appeared near 1730 cm −1 for C=O stretching that could be associated with the oxidation of the epoxide ring. The spectra confirmed a strong network reticulation as a result of the reaction between glycidyl groups of GPS molecules with hydrolyzed silanes. However, the complimentary results of water contact angles decreased probably due to higher amount of -CH-OH, produced in the reaction between glycidyl and silanol groups, so they reached an optimum point at which a more reticulated structure overcomes the silane layer hydrophilicity.
Silanol groups are also employed to investigate the grafting of catalytic compounds at the silica surface. Ochędzan-Siodłak et al. describes a catalytic system where metallocenes and postmetallocene compounds are immobilized in an ionic liquid modified silica surface. The modification process could be followed by the Si-OH stretching vibration, at 3700 cm −1 , disappearing after the ionic liquid modified silane reaction with the silanol groups (Figure 2A ) [27] . This strategy is becoming popular nowadays, where different organosilanes are first used to modify the surface with specific chemical groups with which is possible to graft the catalysts species or precursors itself [28, 29] . Similarly, the Si-OH vibration can be used to follow direct grafting of catalyst in the silica surface, where the silanol groups can react with a metallic center producing chemical bond between the catalyst compound and the silica surface. Li et al. [30] describes the grafting of a nickel complex in silica and alumina surfaces by following a band at 3745 cm −1 , which is assigned to isolated surface hydroxyl groups drops gradually with related to C-H stretching vibrations of the catalyst allyl groups steadily raise in intensity ( Figure 2B ). Capel-Sanchez et al. [31] also investigated the grafting by silanol groups and in the development of a single site titanium on an amorphous silica surface, they report that the titanium precursor is preferentially anchored over the silica surface by the bridging hydroxyl groups (broad band around 3500 and 3700 cm −1 ) over the isolated ones (~3700 cm −1 ). , disappearing after (A) the grafting of a nickel complex in silica and alumina surfaces [27] and (B) the ionic liquid modified silane reaction with the silanol groups [30] .
By using Raman spectroscopy, there is also the possibility of final conformation studies in the case of hybrid silica with long alkyl chains at the silica surface. Structure and order information about alkane-based systems can be obtained from multiple indicators in their Raman spectra, especially in the ν(C-H) region between 2750 and 3050 cm −1 . Also, significant conformational order information exists for alkane systems in the ν(C-C) and δ(C-H) regions between 900 and 1500 cm −1 . However, it is necessary some care about fluorescence phenomena interferences in Raman around this region [32] . Using this methodology, Brambilla et al. evaluated the gauche and trans conformation of hybrid silica with different octadecyl groups (octadecylsilane [ODS]) content by Raman spectroscopy. The two bands centered at 1080 and 1062 cm −1 are assigned, respectively, to ν(C-C) for gauche e trans conformation of the ODS alkyl chains. The ratio in intensity of these two bands was evaluated in order to monitor the influence of the TEOS/ODS molar ratio in the organic groups' behavior. For all ratios, the intensity between the two bands laid above 1, meaning there is a predominance of trans conformation in comparison to gauche one, indicating therefore an intense molecular organization in the hybrid silica prepared by the sol-gel method. In addition, it was found that the organization degree of alkyl chains decreases with the ODS content increase, with data from 29Si-NMR and FTIR detected in attenuated total reflectance (ATR) mode, corroborating to the findings [33] .
Molecules within bulk silica
The FTIR technique can also be employed to evaluate silica network characteristics such as hydrophilicity/hydrophobicity degree and siloxane ring structure regarding thin film porosity [34, 35] . In terms of sensors, these features may impact the analyte interaction and access to the encapsulated molecules, known as receptor elements, within the silica matrix. If the encapsulated molecules' interaction with the silica network occurs through their active sites, it is possible that these active sites are not available to further interact with the analyte. Reduced sensor performance can also occur if the silica network is nonpermeable. In this case, the silica network itself limits the pathways the analyte can travel to reach the encapsulated receptor molecules hindering the reaction. Consequently, both cases could reduce the sensor performance or completely disable it [36] .
Silica materials have a prominent band corresponding to the Si-O-Si bond asymmetric stretching in the region from 1300 to 1000 cm −1 . Literature reports that the maximum centers and relative intensities of the longitudinal optic (LO) and transversal optic (TO) modes of this bond are shifted with the introduction of chemical groups or organic molecules in the silica network [35] . So, a complete analysis of its components can be conducted, including the deconvolution of the LO and TO modes in their relative main contributions: the four-membered (SiO) 4 and six-membered (SiO) 6 siloxane rings (Figure 3A) , resulting in a total of four components (LO 6 , LO 4 , TO 6 and TO 4 ) ( Figure 3B) . Usually, materials with higher content of chemical groups or organic molecules use to present higher formation of less stressed sixmembered ring, thereby allowing a better accommodation of the nonreactive organic groups [37] . Furthermore, there is a correlation between the formation of six-membered rings and an increase in the relative degree of crystallinity, as well as with the long-range organization in hybrid silica materials that is normally observed with an increase in the degree of matrix alkylation [38] . 4 above and six-membered siloxane ring (SiO) 6 below. B) Band deconvolution to asymmetric stretching ν(Si-O(-Si)) bond [39] .
Applications of Molecular Spectroscopy to Current Research in the Chemical and Biological Sciences
Using this approach, a series of silica-based acid-base optical sensors prepared by encapsulating pH indicators using three different sol-gel routes was investigated [36] . The employed routes were: nonhydrolytic, acid-catalyzed and base-catalyzed and the pH indicators were alizarin red, brilliant yellow and acridine. The FTIR spectra were performed for all the materials and the peak corresponding to the Si-O-Si asymmetric stretching was deconvoluted and their respective components analyzed and Figure 4 assembles the results. For the acidic and nonhydrolytic routes, a positive correlation between the pH indicator content and the increase in (SiO) 6 percentage was established, thereby indicating the silica network structure rearrangement in order to accommodate the indicator molecules. Using a basic route, the reached indicator contents were notably low and so this relationship was not observed. In addition, no relationship between the (SiO) 6 percentage and the response time could be established in spite of less dense networks, with bigger rings, might render easier the analyte permeation. This behavior may indicate that the analyte probably accessed the receptor elements through the passages between the siloxane rings and not through the siloxane rings themselves [36] . It is remarkable that depending on the sol-gel route, the rate between hydrolysis and condensation reactions will change with the pH medium and can explain the behavior of the basiccatalyzed sensor material. Under basic conditions, the condensation reactions of silanol groups are strongly accelerated, and the particles are rapidly formed. Thus, the probability of rearrangement as a function of the presence of other molecules, as pH indicators for example, during the synthesis decreases, since the tridimensional network is quickly formed. When the condensation reactions are slower, such occurs in acid pH, the network can be more influenced by the addition of molecules to be encapsulated [39] .
Silica molecular imprinting
The molecular imprinting methodology involves a molecular recognition process where the analyte can recognize and preferentially bind to specific sites built by using a template of the target molecule during the matrix network formation. After an extraction process in order to remove the template, the resulting material is bulk silica with cavities that are morphologically and stereochemically compatible with the analyte. Therefore, an option of analytical technique to follow this procedure is FTIR. It is possible to track the template interaction with the silica network by the template bands appearance and/or SiO 2 vibrations change.
With this approach, Morais et al. [40] describe the interactions of different drugs such as fluoxetine, gentamicin, lidocaine, morphine, nifedipine, paracetamol and tetracycline with silica matrix during the preparation of molecular imprinting materials. All these drugs present nitrogen atoms as primary, secondary or tertiary amines that can interact with silanol groups. The investigation was performed comparing the vibrations of bare drug with the encapsulated drug, before removal by extraction. The silica spectrum presents intense bands in the region of ~3500 cm , where the Si-O stretchings are observed. As a result of these strong bands and the frequently low concentrations of the encapsulated compounds, it is common to observe an overlapping of their signals by the silica ones avoiding this type of evaluation [36] .
As an example, Figure 5A illustrates the spectra of lidocaine with its main bands at 1675 cm to the δ(C-CH 3 ) of the methyl group; and Figure 5B shows the spectra of the lidocaine-silica composite where the main bands of the drug can still be observed. However, the bands assigned to the carbonyl stretching and amino bending modes were shifted to 1683 and 1639 cm −1 , respectively, suggesting a potential medicine-silica network interaction through these chemical groups. Similar behavior was observed for the other drugs, considering the machine resolution of 4 cm −1 . Most of the pharmaceutical presented infrared band shifts toward higher wave numbers (bathochromic shift) when encapsulated, indicating they are interacting with the silica structure, resulting in a rearrangement of the chemical groups, which was confirmed by the rotational isomerism of the molecule. In addition, some of the bands were shifted for lower wave numbers (hypsochromic shift) reflecting a tension increase in the molecule rotational conformation, since the encapsulation process may incur in difficulty of the functional groups vibrational movements demanding more energy. Most of the nitrogen-related bands, for all samples, had their wave numbers shifted. These results denote possibility of a hydrogen bonding interaction through electron donation between these groups and silica network, as illustrated by Figure 6 . Among the studied drugs, the exception was tetracycline which presented a shift in the OH group deformation band and so indicating an interaction by this group [40] . In other approaches, hybrid silica networks have been used to improve both the process of molecular imprinting as the following usage of the material as an extraction matrix. Han et al. reports the functionalization of silica with amino groups provided by aminopropyltriethoxy-silane to help interaction with the toxic herbicide pentachlorophenol [41] . By using FTIR to monitor this process, they were able to identify the N-H bond around 1560 cm −1 and C-H bond around 2935 cm −1 , suggesting the -NH 2 grafting onto the activated silica gel surface. In this case, imprinted and nonimprinted sorbents showed similar location and appearance of the major bands, reflecting the already mentioned problem of overlapping bands with the major bands of silica network. Similar behavior was observed by Chrzanowska et al., Ren et al. and Li et al. [42] [43] [44] . The first one employed the functionalization of silica nanoparticles surface with aminopropyl groups to promote the encapsulation of biochanin A, producing a selective solid-phase extraction of biochanin A, daidzein and genistein from urine samples [42] . Analogously, Ren et al. employed the same procedure with aminopropyl groups, although the target analyte was bisphenol A [44] . Finally, the later one made use of propylthiocyanate groups to modify the silica surface, creating a selective phase for selective removal of cadmium(II) competing with copper, zinc and lead in aqueous solution [43] . In all the cases, the assisting organic groups' bands were detected; however, the molecular imprinted and nonimprinted spectra were really similar.
FTIR and Raman modes
When analyzing hybrid silica materials, sometimes it is necessary to use complementary techniques to better evaluate the materials' characteristics. The same occurs for vibrational spectroscopy methods. A wide investigation was performed with a series of different hybrid silica prepared with tetraethoxysilane (C 0 ), methyltriethoxysilane (C 1 ), octyltriethoxysilane (C 8 ), octadecyltrimethoxysilane (C 18 ), vinyltrimethoxysilane (Vy), phenyltrimethoxysilane (Ph), mercaptopropyltrimethoxysilane (SHp), isocyanatepropyltriethoxysilane (NCOp), chloropropyltrimethoxysilane (Clp) and glycidoxypropyltrimethoxysilane (Gp) [45] . Using FTIR, the main bands of silica were well determined for all the hybrid silicas and they showed shifts depending on the organic group presenting at the network, although the organic groups' bands were barely seen. Using Raman spectroscopy, the organic groups were well described and some of the silica network bands were also observed.
The region around 3600-3000 cm −1 is attributed to hydroxyl groups ν(O-H) stretching modes. The shoulder at ~3600 cm −1 matches the OAH vibrations associated with alcohols that are a subproduct of sol-gel reaction, while the maximum at ~3425 cm −1 is related to surface -OH participating of hydrogen bonds. Water is also described here as a shoulder at ~3230 cm −1 , which is also observed at ~1630 cm [45] .
Applications of Molecular Spectroscopy to Current Research in the Chemical and Biological Sciences
The silica-related bands presented wave number shifts depending on the employed organic group in the different hybrid silicas. For Si-O(-Si) LO mode, the largest shift occurs from the nonhybrid to the hybrid samples. In this case, shifts to lower wave numbers use to be related to the network deformation in order to accommodate the organic groups within the inorganic silica matrix resulting in larger siloxane rings and greater Si-O-Si angles and longer Si-O bond lengths. LO and TO mode shifts occur mainly near the surface of the material, which can be better detected employing attenuated total reflectance (ATR) mode of FTIR spectroscopy. In addition, the organic groups' introduction can originate from heterogeneous regions that may introduce local deformations in the network resulting in the differences observed for Si-O bond lengths and Si-O-Si angles in the different hybrid materials. Another interesting behavior is reported to Si-O(H) band, considering that, in a general way for this case, the wave number shifts result from hydrogen bond formation with the silanol groups. A significantly higher wave number occurred for C 18 while the lower ones occurred for Clp and Gp [45] . The very hydrophobic C 18 organic chain can hinder hydrogen bond formation by comparison with the other samples, thus, the Si-O bond length is decreased and the wave number is shifted to higher values. However, the groups Clp and Gp can facilitate hydrogen bond formation with the silanol groups and, as a consequence, the Si-O bond length is increased and the vibrational wave number is decreased [46] .
As mentioned before, the characterization of the organic groups of hybrid network is better done using Raman spectroscopy than FTIR. The last one can observe only some bands, while Raman presents a series of them showing the complementarity of both techniques for hybrid materials' characterization. Table 1 compiles some important assignments regarding the organic groups and their respective wave numbers detected by both techniques, when applicable [45] .
The complementary use of FTIR and Raman spectroscopies can be also employed to deeply investigate the processes taking place during sol-gel process and there are other types of detection modes for these vibrational techniques as DRIFTS, PAS, IRES, micro-FTIR and Raman which can help.
DRIFT spectroscopy is primarily used on samples where most of the reflected radiation is diffused. It is important that the specular reflectance is reduced to a minimum because it distorts the DRIFT spectrum and lowers the band intensities [47] . During the last years, it has become the most effective technique for studying the processes taking place at the gas-solid interface [48] . Ivanovski et al. investigated the region of the OH stretching vibrations of silica gel activated at different temperatures for the purpose of checking the availability of the OH groups for further reaction with 3-aminopropyltrimethoxysilane (APTMS) molecules and whether chemisorption was successful, finding evidence whether chemisorption of APTMS involves all available methoxy groups. It is also possible to investigate the conformation of the aminopropyl groups (APS) backbone on the silica gel surface and the possible proton transfer between the NH 2 groups of APS and OH from silica gel detected by the formation of NH 3 + and SiO − which is spectroscopically detectable through the appearance of the δ(NH 3 + ) vibrations at 1668 cm −1 [49] . In addition, Bukleski et al. developed a direct quantitative method of quantification of maximal chemisorption of 3-aminopropylsilyl groups on silica gel using [45] .
The photoacoustic spectroscopy (PAS) FTIR is a broad-applicable mid-infrared solution when samples present opacity problems [50] . It is a unique extension of IR spectroscopy which combines the utility of interferometry with the standard sample-gas microphone of the photothermal technique for depth-profile analysis of materials. Its signal generation processes automatically and reproducibly isolates a layer extending beneath the sample surface which has suitable optical density for analysis without physically altering the sample. PAS involves measurement of acoustic wave (pressure oscillations) in a hermetically sealed cell fitted with a very sensitive microphone. The microphone signal, when plotted as a function of wavelength, contains a spectrum proportional to the absorption spectrum of the sample. The wave generation follows absorption of light, which is modulated at a frequency in the acoustic range, by the sample. Most FTIR instruments provide modulation frequencies between 50 and 500 Hz in the 400-4000 cm −1 wave number span [51] . Therefore, this approach can be employed to evaluate silica samples as described by Gao et al. to widely explore a polyethylene-co-Znacrylic acid hybrid material prepared by the sol-gel process. They could identify both vibrations for silica and the organic group. By investigating the silica bands it is noted that not only silica but also other forms of silicon groups are formed via the sol-gel reaction, while the existence of the Si-OH group indicates that the condensation reaction was not completely finished. However, analyzing the peaks referring to the organic groups, it was reported that -CH 2 -and -CH 3 positions in the region of 2800-3000 cm −1 remain the same after hybrid material fabrication, indicating no chemical bond between silicon and these two groups forms after the sol-gel reaction. The band at 1700 cm −1 is the C=O stretching mode from the -COOH group was also noticed for both materials. This is due to unneutralized acrylic acid. While the transparency of the hybrid is a result of strong organic-inorganic interaction, and a high degree of mixing, no evidence of hydrogen bonding is observed from the FTIR peak position [52] .
Infrared emission spectroscopy (IRES) is a method in which a sample is energized by heating and so on, and the infrared light emitted from the sample is measured to obtain a spectrum. It utilizes the contrast between the sample and the base material with possibility of an improved signal-to-noise ratio compared to absorption spectroscopy. Ideally only photons emitted by the sample are detected ("zero background"), free from the noise produced by the continuum lamp in an absorption experiment. This improvement in sensitivity is particularly useful for the spectroscopy of transient molecules because of their intrinsically low concentrations [53] . In the case of hybrid silicas, this methodology can be successfully employed to evaluate the thermal stability of materials. Brambilla et al., for example, describe the behavior of octadecylsilane (ODS) hybrid silicas prepared by grafting and sol-gel methods with a spectra series from 100 to 900°C between 4000 and 500 cm −1 . The decrease of physically adsorbed water band and the surface silanol interactions, leading to an increase in the band at 3747 cm −1 , attributed to isolated silanol groups was observed. For temperatures higher than 450°C up to 900°C, the band assigned to isolated silanol groups (3747 cm −1 ) is reduced due to condensation reactions and structural reorganization with generation of siloxane groups. Concerning the ν(C-H) stretching region, the bands at 2963, 2929 and 2855 cm −1 are reduced in the range of 250-550°C, as a result of the thermal degradation of ODS chains. Figure 7 presents the relative band area for this vibration. It was possible to compare the thermal stability of hybrid materials prepared by grafting (GR100) and sol-gel method (SG10A), confirm the higher thermal stability of the first one [54] . Figure 7 . Relative area of ν(C-H) bands versus temperature for grafting prepared (GR100) and sol-gel prepared (SG10) hybrid silicas [54] .
Finally, micro-Raman and micro-FTIR modes have less sensibility, however, they are key methods employed when spatial resolution of a few micrometers is necessary. It can be employed, for example, to evaluate radial distribution of the fictive temperature in pure silica optical fibers [55] , porous silica supports for individual living cells [56] and phenyl-bridged polysilsesquioxane positive and negative resist for electron beam lithography where the technique helped to propose a description of the tone switching mechanisms [57] .
Final remarks
Observing all the procedures and results described above, it is noticeable that a vibrational spectrum is not collected only to simply evaluate peak positions anymore. Nowadays, it is possible to obtain deep information about materials' formation, evolution and structure, as well as to acquire spatial resolution spectra or in high-resolution modes with low signal/noise ratios. The reaction chemical processes following methods are getting more and more specific, as collected data are more and more exploited in order to give the maximum results information, bringing fast advance in the materials characterization field.
